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I. PURPOSE: Th i s  procedure e s t a b l i s h e s  a s tandard  process  for  hand- 

33034 solder_ing of e l e c t r i c a l  connect ions.  
i 3'. j b 

i f ,  I I ,  - !  11. SCOPE: Th i s  procedure s p e c i f i e s  t h e  methods, equipment, and 
m a t e r i a l s  t h a t  s h a l l  be used ia so lde r ing  e l e c t r i c a l  connectors  f o r  
space v e h i c l e s  . Ad?- 
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111. REFERENCES: 

SPECIFICATIONS 

Federa l  

QQ-S -57 1 

0-E-760 

b M i l i t a r y  

MIL- 1-7444 

xws MIL-1-22129 

Solder: Lead Alloy,  T i n  Lead Alloy,  
and T i n  Al loy;  F lux  Cored Ribbon 
and Wire, and S o l i d  Form. 

Ethyl  Alcohol (Ethanol);  Denatured 
Alcohol; and P ropr i e t a ry  Solvent  

Insu la t ion  Sleeving,  E l e c t r i c a l ,  
F l e x  i b  l e  

i 7, 

Insu la  t ion Tub ing , Elec tr i c a l  , Poly- 

UCCESSION NUMBER1 ITHRUI 

IPAQESI 

X5Y7bU 
INASA CR OR TUX OR AD NUMBER1 

I e t r a f luo roe thy lene  Resin, Nonrigid 
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PROCEDURES 

George C .  Marshal l  Space F l i g h t  Center 

MSFC -PROC - 25 7 Conformal Coatir.ig of P r i n t e d  C i r c u i t  
Assemblies, Procedure f o r  

STANDARDS 

George C .  Marshall  Space F l i g h t  Center 

MSFC-STD-154 P r i n t e d  C i r c u i t  Design and Construct ion,  
Standard f o r  

(Copies of s p e c i f i c a t i o n s ,  s t anda rds ,  drawings, and p u b l i c a t i o n s  r equ i r ed  
by con t r ac to r s  i n  connection with s p e c i f i c  procurement func t ions  should be 
obtained from t h e  procuring a c t i v i t y  o r  a s  d i r e c t e d  by t h e  c o n t r a c t i n g  
o f f i c e r  . ) 

I V .  DEFINITIONS : 

A .  Terminal. - A t e rmina l  i s  a t i e - p o i n t  device used f o r  con- 
venience i n  making e l e c t r i c a l  connections.  There a r e  f i v e  b a s i c  s t y l e s  
of terminal : ,  (1) t u r r e t ,  (2)  b i f u r c a t e d ,  (3)  e y e l e t ,  ( 4 )  hollow c y l i n d r i -  
c a l ,  and (5) hook type.  

1. T u r r e t  t e rmina l .  - A t u r r e t  t e rmina l  i s  a round pos t -  
type grooved s tud  around which wi re s  and l eads  a r e  snugly hooked. It may 
have e i t h e r  spacing shoulders o r  grooves f o r  p o s i t i o n i n g  t h e  leads.  

2 .  B i fu rca t ed  terminal .  - A b i f u r c a t e d  ( s p l i t )  t e rmina l  i s  
a t e rmina l  containing a s l o t  i n  which wi re s  and l eads  a r e  placed be fo re  
so lde r ing .  

3 .  Eyelet  terminal .  - An e y e l e t  (pierced)  t e rmina l  i s  a 
t e rmina l  containing an eye le t  o r  ho le ,  through which l eads  ( w i r e s )  a r e  
placed before so lde r ing .  

4 .  Hollow, c y l i n d r i c a l  t e rmina l .  - A hollow, c y l i n d r i c a l  
solder-cup (pot) i s  a terminal  t h a t  i s  designed t o  accommodate not  more 
than one lead (wire) i n s e r t e d  i n t o  t h e  open u n t i l  lead (wire) "bottoms" 
i n  t h e  r ecep tac l e .  

5 .  Hook t e rmina l .  - A t e rmina l  formed i n  a hook shape; 
i t  i s  gene ra l ly  found on sealed r e l a y s .  
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V. RESPONSIBILITIES : 

A. General. 

1. MSFC Divis ion r e s p o n s i b i l i t y .  - Each d i v i s i o n  of 
Marshal l  Space F l i g h t  Center (MSFC) s h a l l  be r e s p o n s i b l e  f o r  implementing 
t h e  p rov i s ions  of  t h i s  procedure. This procedure s h a l l  be a p p l i c a b l e  t o  
a l l  phases of e lec t r ica l  f a b r i c a t i o n ,  assembly, and mod i f i ca t ion  of space 
v e h i c l e s  and ground support  equipment components. 

2 .  Deviations.  - Requests t o  d e v i a t e  from any requirement 
h e r e i n  s h a l l  be supported by comprehensive t e s t  d a t a  t o  s u b s t a n t i a t e  t h e  
r e l i a b i l i t y  of t h e  d e v i a t i o n  and i n d i c a t e  why t h e  d e v i a t i o n  i s  necessary.  
No d e v i a t i o n  t o  t h e  requirements of t h i s  procedure s h a l l  be made u n t i l  
wr i t ten  approval i s  obtained from both t h e  cognizant MSFC d i v i s i o n  and 
t h e  MSFC Qua l i ty  Assurance Division. 

B. Qua l i ty  Assurance Division. 

1. The Qua l i ty  Assurance Div i s ion  s h a l l  be r e spons ib l e  
f o r  enforcement of t h e  requirements of t h i s  procedure during f a b r i c a t i o n ,  
assembly, modif icat ion,  r e p a i r ,  s to rage ,  and i s sue .  

V I .  SOLDERING PROCEDURES: 

A. General requirements.  

1. Materials. 

a. Solder .  - Solder used f o r  s o l d e r i n g  e l ec t r i ca l  
connections s h a l l  conform t o  Fede ra l  Spec i f i ca -  
t i o n  QQ-S-571, t ype  AR. For gene ra l  u se ,  compo- 
s i t i o n  Sn 60 o r  Sn 63 s h a l l  be  used. 

b. Flux. 

(1) Noncorrosive and nonconductive f lux .  - 
Only noncorrosive and nonconductive r o s i n -  
t ype  f luxes s h a l l  be used. Rosin (or r e s i n )  
c o r e  f l u x  s h a l l  have a me l t ing  po in t  below 
t h e  l i q u i d  temperature of t h e  so lde r .  The 
use  of l i q u i d  ros in - type  f l u x  having non- 
co r ros ive  nonconductive p r o p e r t i e s  i s  per- 
mi s s ib l e  f o r  a p p l i c a t i o n s  such a s  t h e  removal 
of excess s o l d e r  from a j o i n t  by wicking i n t o  
s t r a i n e d  w i r e ,  and f o r  s o l d e r i n g  n i c k e l -  
p l a t ed  w i r e .  
t h e  l i q u i d  f l u x  s h a l l  be  chemically compatible 

When used w i t h  f lux-cored so lder ,  
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w i t h  t h e  s o l d e r  core .  Excess f l u x  shall be removed 
from so lde r  j o i n t s  w i th  t h e  so lven t  s p e c i f i e d  he re in .  

(2) Corrosive f l u x .  - The u s e  of c o r r o s i v e  f l u x ,  
conductive f l u x ,  p a s t e  f l u x ,  o r  acid-core 
s o l d e r  i s  p roh ib i t ed .  

c. I n s u l a t i o n  tubing.  

(1) F l e x i b l e  tubing. - I n s u l a t i o n  tubing s h a l l  be  
c lear ,  f l e x i b l e  po lyv iny l - ch lo r ide  s l eev ing  
conforming t o  type I of S p e c i f i c a t i o n  MIL-I-  
7444. P o l y t e t r a f  luoroethylene tubing conform- 
ing t o  S p e c i f i c a t i o n  MIL-I-22129 s h a l l  be used 
i n  a p p l i c a t i o n s  where extremely high tempera- 
t u r e  (220 degrees Fahrenhei t (F)  o r  h ighe r )  cond i t ions  
n e c e s s i t a t e  usage. Tubing s h a l l  be s l i p p e d  , 

over a l l  soldered t e rmina l s  o f  r e l a y s ,  connectors ,  
and s i m i l a r  items t h a t  a r e  not  p ro tec t ed  by 
i n s u l a t e d  grommets o r  by po t t ing .  The tub ing  
s h a l l  extend a d i s t a n c e  equal t o  o r  g r e a t e r  t han  
t h e  tubing diameter above t h e  s t r i p p e d  p o r t i o n  
of t h e  a t t ached  conductor. A l l  routed conduc- 
t o r s  i n  harness  o r  box assemblies s h a l l  be pro- 
t e c t e d  a t  abrasion p o i n t s  by a p p r o p r i a t e  c l e a r  
i n s u l a t i o n  tubing.  

(2) Heat-shrink tubing.  - Heat-shr ink i n s u l a t i o n  
tubing s h a l l  be sh r inkab le  s l eev ing .  The tubing 
s h a l l  be made o f  a m a t e r i a l  t h a t  does not e m i t  
gases  o r  chemicals t h a t  a r e  de t r imen ta l  t o  t h e  
soldered j o i n t ,  t h e  wi re ,  o r  t h e  i n s u l a t i o n  of 
t h e  wire .  Heat-shr ink tubing s h a l l  not  be used 
on components where t h e  a p p l i c a t i o n  of heat  w i l l  
damage t h e  component. The s o l d e r  j o i n t  must be 
v i s i b l e  through t h e  tubing t o  f a c i l i t a t e  t roub le -  
shoot ing and in spec t ion .  

d. Terminals.  - Soldering t e rmina l s  s h a l l  be of a me ta l ,  
o r  s h a l l  have a p l a t i n g ,  t h a t  w i l l  accept s o l d e r  
r e a d i l y  and r e q u i r e  no p re - so lde r ing  p repa ra t ion .  
Terminals s h a l l  be provided wi th  guide s l o t s ,  h o l e s ,  
grooves,  o r  s i m i l a r  f e a t u r e s  t o  i n s u r e  proper mating 
of t h e  w i r e  o r  w i re s  wi th  t h e  t e rmina l s .  Each 
terminal  guide s h a l l  be loca t ed  t o  f a c i l i t a t e  t h e  
a p p l i c a t i o n  of so lde r .  

e .  Solvent .  - Solvent used f o r  removal of g rease ,  o i l ,  
d i r t ,  o r  excess f l u x  s h a l l  b e  e t h y l  a l coho l  conform- 
ing t o  Federal  S p e c i f i c a t i o n  0 - E - 7 6 0 ,  grade I, c l a s s  
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A or B. The best commercial 99 percent pure (by vo l -  
ume) grade of isoprophyl alcohol is also acceptable. 

f. Abrasives. - Emery cloth or aluminum oxide cloth 
of approximately Number 320 grit size may be used for  
cleaning unheated soldering iron tips. Power-driven 
abrasive cloth may also be used for this purpose. 

g. Wire. - The wire size, number of strands, insulation 
resistance, insulation material, and wire plating 
shall be as shown on the electrical drawings and as 
required by the applicable specifications. For 
applications where high temperature (220 degrees F 
or higher) necessitates usage, polytetrafluoroethylene- 
insulated nickel-plated copper stranded wire shall be 
used. Excess wire shall be cut off prior to solder- 
ing the connection. Wire shall be cut to length 
before soldering, and the wire ends shall not extend 
beyond the connection. Stranded wire shall be twisted 
in its original form after insulation removal. 

CAUTION 

Silver-plated polytetrafluoroethylene-insulated 
wire is not acceptable because certain types of 
insulation react with flux and solder. This 
chemical reaction deteriorates the wire and con- 
tributes to breakage. 

2. Tools. 

a. Insulation strippers. 

(1) Thermal stripper. - Use thermal type insulation 
strippers wherever practicable. Precision 
cutting type or other types of strippers shall 
only be used to strip glass braid and other 
insulation that cannot be removed otherwise. 

NOT E 

Only under certain conditions, such as sinter- 
ing operations and the smoking of tobacco 
contaminated with polytetrafluoroethylene 
particles, are the pyrolysis byproducts of 
polytetrafluoroethylene considered a health 
hazard. Polytetrafluoroethylene must be 
heated to at least 400 degrees F before pyrolysis 
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byproducts a r e  de t ec t ab le .  A t  a minimum t e m -  
pe ra tu re  of 700 degrees  F t o  800 degrees  F,  
byproducts tha t  may conceivably cause "the shakes" 
(polymer fume fever )  are de tec t ab le .  To prec lude  
t h e  remote p o s s i b i l i t y  of an  i d e a l  s i t u a t i o n  occur-  
r i n g  when s t r i p p i n g  po ly te t r a f luo roe thy lene  in- 
s u l a t e d  w i r e  w i t h  a thermal  s t r i p p e r ,  an exhaust 
hood and f a n  v e n t i l i a t i o n  system i s  recommended. 
(Should ques t ions  a r i se ,  consu l t  the  w i r e  
manufacturer . ) 
Prec i s ion  c u t t i n g  type  s t r i p p e r s .  - Non-adjustable,  
f a c t o r y - s e t ,  cu t t i ng - type ,  i n s u l a t i o n  s t r i p p e r s  
may be used when thermal s t r i p p e r s  cannot be ussd ;  
however, t o  prevent  s t r e t c h i n g  t h e  w i r e ,  avoid 
use  on w i r e  s i z e  22 American Wire Gage (AWG) and 
smal le r .  The c o r r e c t  s t r i p p i n g  h o l e  f o r  t h e  
corresponding gage of t h e  wi re  s h a l l  be used. 
The s e t t i n g  of t h e  c u t t e r  and t h e  work produced 
s h a l l  be checked t o  a s su re  t h a t  no n i cks  o r  
c u t s  appear on the w i r e .  S t r ipped  w i r e  w i th  
n icks  o r  c u t s  s h a l l  not  be used. Defec t ive  
s t r i p p e r s  s h a l l  no t  be used. 

6 
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(3) Other types of s t r i p p e r s .  - S t r i p p e r s  o t h e r  
t han  the  types mentioned may be used provided 
t h a t  the wire  i s  not  s t r e t c h e d ,  nicked, c u t ,  
o r  scraped. 

F igu re  2. P rec i s ion  c u t t i n g  type s t r i p p e r .  

b. Bending too l s .  - Wire bending p l i e r s  o r  o t h e r  
devices may be used t o  form component leads.  Long 
nose p l i e r s  s h a l l  be considered a s  an accep tab le  
bending t o o l ,  provided t h a t  t h e  sharp edges of t h e  
jaws a r e  covered wi th  durable  tubing or  p l a s t i c  
t a p e  and do not  n i ck ,  r i n g , o r  otherwise damage t h e  
wire  ( s e e  f igu re  3 ) .  

NOTE 

Exercise  care  t o  prevent component l eads  from being 
damaged o r  broken by t h e  bending t o o l s  while  t hey  
a r e  being formed. 
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Figure  3 .  Proper bending t o o l s .  

c .  F i l e s .  - F i l e s  f o r  d r e s s i n g  copper t i p s  s h a l l  be of 
t h e  f l a t ,  f i n e ,  s i n g l e - c u t ,  shea r - too th  type.  

d. Thermal shunt.  - Thermal shunts  (o r  hea t  s inks )  
s h a l l  be o f  such m a t e r i a l ,  s i z e ,  and shape a s  t o  
provide adequate p r o t e c t i o n  t o  p a r t s  o r  components 
and t o  minimize i n t e r f e r e n c e  t o  t h e  so lde r ing  
procedure ( see  f i g u r e  4 ) .  The thermal shunt s h a l l  
be designed f o r  r a p i d  a p p l i c a t i o n  and removal. It 
may be h e l d  i n  p l a c e  by f r i c t i o n ,  s p r i n g  t ens ion ,  
o r  by o t h e r  s u i t a b l e  means which w i l l  preserve t h e  
f i n i s h  and i n s u l a t i o n  of t h e  w i r e  and component 
being soldered.  Thermal shunts  s h a l l  be employed 
when s o l d e r i n g  h e a t  s e n s i t i v e  components, such a s  
t r a n s i s t o r s  and diodes.  
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THERYAL SHWT 

Figure 4 .  Thermal shunt. 

Cleaning tool. - An efficient cleaning tool utiliz- 
ing 1/2-inch copper shielding braid for cleaning of 
component leads can be constructed as shown in 
figure 5. 

Brushes. - For cleaning contact areas before 
soldering and for removing excess flux following 
the solidification of the solder, a medium stiff 
natural or synthetic bristle brush shall be used. 
Wire brushes shall not be used. 

Typewriter eraser. - For cleaning gold plating from 
printed circuit pads, a white pencil style type- 
writer eraser shall be used (see figure 6 ) .  

CAUTION 

Remove only the gold plating and none of the copper 
to prevent altering the electrical'characteristics 
of the printed circuitry. 
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Figure  5. Cleaning t o o l .  

F igure  6 .  Cleaning c i r c u i t  pad. 

10 I 
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h.  Solder ing irons.  - The so lde r ing  i r o n  s i z e ,  t i p  
s i z e ,  vol tage r a t i n g ,  and wattage s h a l l  be ca re -  
f u l l y  se l ec t ed  i n  r e l a t i o n  t o  t h e  work t o  be per- 
formed. Transformer-type so lde r  guns s h a l l  no t  
be used under any circumstance. 

NOTE 

A v a r i a b l e  vol tage supply i s  recommended f o r  
c o n t r o l l i n g  the  so lde r ing  i r o n  temperature when 
so lde r ing  p r in t ed  c i r c u i t s .  Temperature c o n t r o l  
i s  advantageous i n  many o t h e r  so lde r ing  app l i ca -  
t i o n s .  By proper s e l e c t i o n  of t i p s  and c o r r e c t  
v o l t a g e  adjustment, a s i n g l e  50-watt penc i l - type  
so lde r ing  i ron can be used f o r  so lde r ing  m i n i a t u r e  
p r i n t e d  c i r c u i t s  o r  r e l a t i v e l y  l a r g e  t e rmina l s .  

i. Solder ing iron t i p s .  - Copper o r  MSFC approved 
p l a t e d  t i p s  s h a l l  be used. 

NOTE 

For b e s t  r e s u l t s ,  t h e  unplated copper t i p  i s  
recommended . 

3 .  Prepa ra t ion  f o r  solder ing.  

a.  C lean l ines s .  

(1) Area and workbench. - The work a r e a  and work- 
bench s h a l l  be maintained i n  a c l e a n  and 
o rde r ly  cond i t ion .  A l l  d i r t ,  g rease ,  o i l ,  
s o l d e r  s p l a t t e r ,  w i r e  and i n s u l a t i o n  c u t t i n g s ,  
and foreign matter s h a l l  be promptly removed. 

(2) Tools .  - A l l  d i r t ,  g rease ,  o i l ,  and o t h e r  
foreign mat te r  s h a l l  be removed from t h e  t o o l s .  

(3) Component l eads  and t e rmina l s .  - Component 
l eads  and t e rmina l s  s h a l l  be p ro tec t ed  by 
s u i t a b l e  packaging and by minimum handl ing 
p r i o r  t o  use.  

b. Environmental cond i t ions .  - A l l  so lde r ing  s h a l l  be 
performed i n  an environmentally c o n t r o l l e d  e l e c t r o n i c  
assembly clean room. The minimum requirements of 
t h i s  room are  as follows: 

11 
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(1) A i r  condi t ion ing .  

(a) Temperature l i m i t s .  - Conunercial a i r  
cond i t ion ing  designed f o r  a 20 degree F 
temperature  d i f f e r e n t i a l  i s  adequate.  

(b) Humidity l i m i t s .  - The r e l a t i v e  humidity 
s h a l l  be 40 percent  p l u s  o r  minus 10 
percent .  

(c) P res su re  d i f f e r e n t i a l .  - I n  o rde r  t o  
e l imina te  i n f i l t r a t i o n  of dus t - laden  a i r ,  
a p o s i t i v e  p re s su re  d i f f e r e n t i a l  s h a l l  be 
maintained wi th in  t h e  room. 

(2) A i r  f i l t r a t i o n .  

(a)  Method. - The method of a i r  f i l t r a t i o n  
i s  o p t i o n a l ;  however, i t  s h a l l  meet t h e  
requirements below. 

(b) Design c r i t e r i a .  

( i )  P a r t i c l e  count method. - The Nat iona l  
Bureau of Standards d i s c o l o r a t i o n  t e s t  
s h a l l  be used. 

( i i )  P a r t i c l e  count t o l e rance .  - The p a r t i -  
c l e  count method s h a l l  be 85 percent  
e f f i c i e n t .  

(c)  Operating c r i t e r i a .  

( i )  P a r t i c l e  c o l l e c t i o n  method. - The 
Greenberg-Smith Impinger c o l l e c t i o n  
method o r  equivalent  s h a l l  be used. 

( i i )  P a r t i c l e  count method. - The power 
microscope, l i g h t  f i e l d  technique 
s h a l l  be used. 

( i i i )  P a r t i c l e  count t o l e rance .  - The 
t o l e r a n c e  s h a l l  be 250 thousand count-  
a b l e  p a r t i c l e s  per  cubic  foot  of a i r .  

12 
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NOTE 

The total count will include all 
particles visible with the prescribed 
equipment and technique. The smallest 
particle seen by the 10-power micro- 
scope, light field technique is about 
0.9 microns in size. 

(3) Facility design factors. - The facility should 
be designed and constructed with a view to a 
high standard of shop cleanliness and the 
lowest degree of maintenance. It is recom- 
mended that construction costs be in 
keeping with the projected work load. 

Floors. - Floors shall be finished with 
rubber tile or other grease resistant 
material. To preclude future dirt 
problems, insure a strong permanent bond 
between the floor covering and the 
subsurface. 

Interior finish. - All walls, ceilings, 
and painted fixtures shall be painted 
with materials of sufficient quality to 
provide a tough, smooth, dust resistant 
surface that will be resistant to 
chipping, flaking, and powdering. 

Utilities and fixtures. - Standard util- 
ities, fixtures, and furniture shall be 
installed throughout. Lightning arrange- 
ments shall provide a minimum of 75 foot- 
candle shadowless illumination on working 
surfaces. 

(4 )  Special considerat ions. 

(a) Every consideration should be given to 
installation and arrangement of furniture 
and fixtures that will keep floors, 
corners, aisles, or workbenches clear 
and uncluttered, thus , facilitating 
frequent, easy, and thorough cleaning. 
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A c e n t r a l  vacuum-cleaning system capable  
of w e t  o r  dry pickup should be i n s t a l l e d  
t o  s e r v i c e  t h e  work area.  Only f l e x i b l e  
p l a s t i c  vacuum hoses s h a l l  be used. 
P rov i s ions  f o r  emptying t h e  dus t  t ank  
s h a l l  be such t h a t  t h e  c l e a n  room o r  t h e  
i n t a k e  a i r  w i l l  no t  be contaminated. 

Since most contamination w i l l  be brought 
i n t o  t h e  c l e a n  room on shoes,  adequate 
f a c i l i t i e s  f o r  scaping,  brushing,  and 
wiping d i r t  o f f  shoes of personnel s h a l l  
be provided. 

F u l l y  f i l t e r e d  a i r  and 100 percent  exhaust 
s h a l l  be provided t o  p a r t s  cleanup areas 
where t o x i c  o r  v o l a t i l e  vapors are 
generated.  

c. Solder ing i r o n  t i p  maintenance. - The s o l d e r i n g  i r o n  
t i p  s h a l l  always be checked f o r  t i g h t  attachment 
t o  t h e  i r o n .  Oxidation s c a l e  s h a l l  be removed a t  
f requent  i n t e r v a l s  t o  i n s u r e  proper t r a n s f e r  of 
hea t  from t h e  h e a t i n g  element t o  t h e  t i p .  A b r i g h t ,  
t h i n  but continuous t i nned  s u r f a c e  s h a l l  be main- 
t a i n e d  t o  avoid t r a n s f e r  of i m p u r i t i e s  t o  t h e  s o l d e r  
j o i n t  . 

d. Cleaning and t i n n i n g  t h e  i r o n .  

(1) Cleaning copper t i p s .  - While t h e  copper t i p  
i s  co ld ,  u se  a s i n g l e - c u t  f l a t  f i l e  t o  d r e s s  
and shape t h e  t i p .  Af t e r  f i l i n g ,  hea t  t h e  
so lde r ing  i r o n ,  and when t h e  t i p  reaches t h e  
lowest temperature r equ i r ed  t o  mel t  t h e  s o l d e r ,  
apply s o l d e r  t o  t h e  t i p .  While t h e  t i p  i s  h o t ,  
i t  may be cleaned by wiping l i g h t l y  on a w e t ,  
f i n e  t e x t u r e  n a t u r a l  o r  s y n t h e t i c  sponge. 

( 2 )  Cleaning p l a t e d  t i p s .  - Clean p l a t e d  t i p s  w i th  
emery c l o t h  o r  aluminim oxide c l o t h  by po l i sh ing  
(while t h e  t i p  i s  cold)  u n t i l  t h e  s u r f a c e  i s  
b r i g h t .  A f i l e  s h a l l  not  be used. While t h e  t i p  
i s  h o t ,  i t  may be cleaned by wiping l i g h t l y  on a 
w e t  f i n e  t e x t u r e  n a t u r a l  o r  s y n t h e t i c  sponge. 
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e. Prepara t ion  of conductors. 

In su la t ion  removal. - Whenever poss ib l e ,  employ 
a thermal s t r i p p e r  t o  remove i n s u l a t i o n  from con- 
ductors  (see paragraph VI.A.2.a.). Conductors 
s h a l l  not be r inged ,  nicked, c u t ,  s t r e t c h e d ,  o r  
otherwise damaged by t h e  i n s u l a t i o n  s t r i p p i n g  
opera t  ion. 

In su la t ion  c learance .  - Wires having an in su la -  
t i o n  outs ide  diameter g r e a t e r  than 1/32-inch 
s h a l l  have a minimum c learance  between t h e  
terminal  and t h e  wire  i n s u l a t i o n  of 1/32-inch 
and a maximum c learance  equal t o  t h e  i n s u l a t i o n  
outs ide  diameter plus  1/32-inch. Wires having 
an i n s u l a t i o n  ou t s ide  diameter of less than  1/32- 
inch s h a l l  have a minimum c learance  equal t o  
t h e  outs ide  diameter of t h e  i n s u l a t i o n  and a 
maximum c lea rance  of 1/32-inch. 

Tinning conductors.  - A l l  por t ions  of s t randed  
w i r e s  coming i n  contac t  wi th  t h e  so ldered  a rea  
s h a l l  be t i nned  by t h e  assembler a s  i l l u s t r a t e d  
i n  f igu re  7 ,  o r  by o the r  MSFC approved methods. 
A thermal shunt s h a l l  be used t o  prevent t h e  
s o l d e r  from wicking under t h e  i n s u l a t i o n .  
on wire  s h a l l  extend a t  l e a s t  f a r  enough t o  t a k e  
f u l l  advantage of t h e  depth of t h e  te rmina l  o r  
so lde r  cup .  Form t h e  "hook" a f t e r  t i nn ing .  

Tinning 

Vibrat ion bend. - A l l  wires  o r  leads  te rmina te5  
a t  a solder  connection s h a l l  have su f f i c i ep .  ..', 
s l a c k  i n  t h e  form of a gradual  bend. Ir a p p l i -  
ca t ions  where m u l t i p l e  wi res  a r e  routed from a 
common cab le  t runk  t o  equal ly  spared t e rmina l s ,  
t h e  v i b r a t i o n  bends s h a l l  be uciform i n  length  
t o  prevent s t r e s s  on any one wire  ( see  f i g u r e  8). 

Vibrat ion bends sha1.i not be construed t o  be 
se rv ice  loops. 

S o l i d  hookup wire.  - S o l i d  hookup w i r e  o r  s o l i d  
bus wire s h a l l  not  exceed 5/8- inch length  
between so lde r  connect ions.  This  requirement 
does not apply t o  components with s o l i d  wire  
leads.  
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( 6 )  Spl i c ing .  - Unless otherwise s p e c i f i e d ,  t h e  
s p l i c i n g  of conductors i n  p roh ib i t ed .  

Figure 7 .  Correct  method f o r  t i n n i n g  (wire) .  

f .  Personnel.  - Unless otherwise s p e c i f i e d ,  a l l  personnel 
performing t h e  so lde r ing  func t ions  s p e c i f i e d  h e r e i n  
s h a l l  be c e r t i f i e d  i n  accordance wi th  t h e  appendix of 
t h i s  precedure ( c e r t i f i c a t i o n ) .  

4 .  Soldering.  

a .  Connection. - A f t e r  t i n n i n g  and forming of t h e  w i r e ,  
t h e  p a r t s  t o  be jo ined  s h a l l  be placed o r  he ld  t o -  
g e t h e r  so t h a t  p a r t s  do not move during t h e  so lde r -  
ing process .  The s o l d e r  j o i n t  s h a l l  not be d i s t u r b e d  
during t h e  s o l i d i f i c a t i o n  of t h e  so lde r .  
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Figure 8.  Vibrat ion bends. 

b. Heat app l i ca t ion .  - Apply t h e  s o l d e r i n g  i r o n  t i p  t o  
t h e  connection a rea  i n  such a manner t h a t  optimum 
heat  w i l l  b e  t r a n s f e r r e d  t o  t h e  p a r t s  t o  be soldered 
and, a t  t he  same time, p r o t e c t i o n  w i l l  be provided 
t o  t h e  i n s u l a t i o n  and t o  h e a t - s e n s i t i v e  components. 
D o  not overheat t h e  j o i n t  area.  S e e  f i g u r e  9 f o r  
t h e  approximate melt ing po in t s  of s o l d e r .  

c. Solder  app l i ca t ion .  - Solder  s h a l l  be app l i ed  t o  t h e  
connection a rea  when t h e  temperature  of t h e  p a r t s  
w i l l  mel t  the s o l d e r  r e a d i l y .  Avoid me l t ing  t h e  
s o l d e r  aga ins t  t h e  so lde r ing  i r o n  t i p .  The i r o n  
s h a l l  b e  t i l t e d  s u f f i c i e n t l y  t o  permit a p p l i c a t i o n  
of t h e  s o l d e r  d i r e c t l y  t o  t h e  heated wi re  and 
t e rmina l .  S u f f i c i e n t  s o l d e r  s h a l l  be app l i ed  t o  
cover t h e  j o i n t ,  but a p p l i c a t i o n  of excess ive  so lde r  
s h a l l  not be allowed. D i p  s o l d e r i n g  i s  p roh ib i t ed  
a s  a method f o r  a t t a c h i n g  component l eads .  
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Figure  9 .  T in- lead  fus ion  diagram and melting 
temperature  of a l l o y  used i n  so lde r ing .  
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d. Appearance. - A so lder  j o i n t  s h a l l  have a shiny b r i g h t  
appearance, no poros i ty ,  good f i l l e t  between conduc- 
t o r s ,  good adherence t o  both p a r t s ,  and no excess f l u x  
o r  so lde r .  I n  a l l  a p p l i c a t i o n s  except those involving 
connector cups, t h e  contour of t h e  w i r e  s h a l l  be v i s i b l e  
a f t e r  solder ing a s  shown i n  f i g u r e  LO. 

e. Solder ing  aids.  - Solder ing  a i d s  o r  o t h e r  t o o l s  s h a l l  
not be used t o  e x e r t  f o r c e  on wires.  The q u a l i t y  of 
a properly cleaned s o l d e r  connection can be d e t e r -  
mined by a v i s u a l  inspec t ion .  The p r a c t i c e  of bend- 
ing  o r  pu l l ing  wires  t o  a s c e r t a i n  s e c u r i t y  of t h e  
connection can prevent a s e r i o u s  r e l i a b i l i t y  hazard. 

B . Spec ia l  requirements. 

1. Connectors, wire,  cab le ,  and harness  assemblies.  

a. 

b. 

C .  

d. 

e. 

- Size.  - Cups ( s o l d e r  po ts )  s h a l l  be of s u f f i c i e n t  
s i z e  t o  accommodate the  a t t ached  conductors.  Cups 
s h a l l  not be modified t o  accept o v e r s i z e  conductors.  
Conductor s izes  s h a l l  not  be reduced t o  permit u se  
of under s i z e  s o l d e r  cups. 

Sp l i ce .  - Unless  otherwise s p e c i f i e d ,  s p l i c i n g  of 
conductors is  prohibi ted.  

Termination of wires.  - A l l  conductors terminat ing 
i n  a connector cup ( s o l d e r  pot)  s h a l l  bottom i n  t h e  
cup. 

Solder  j o i n t .  - The s o l d e r  s h a l l  completely f i l l  t h e  
cup and follow t h e  contour of t h e  cup en t ry  s l o t .  N o  
so lder  s h a l l  s p i l l  over and adhere t o  t h e  s i d e s  of t h e  
cup (see f igure  11). 

NOTE 

This  connection may be made wi th  e i t h e r  a r e s i s t a n c e  
o r  conduction type  so lde r ing  t o o l .  
type i ron i s  used, a s l i g h t  t i nned  e f f e c t  w i l l  u s u a l l y  
occur a t  the point  where t h e  i r o n  t i p  c o n t a c t s  t h e  
base of t h e  cup. This  cond i t ion  i s  normal and s h a l l  
not  be cuase f o r  r e j e c t i o n  provided t h e r e  a r e  no peaks, 
globules ,  or excessive buildup of so lder .  

When a conduction 

Flux. - After so lder ing ,  excess f l u x  s h a l l  b e  removed 
from cups and connectors w i th  t h e  solvent  s p e c i f i e d  
here in .  

- 
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Figure  10. Good s o l d e r  joint. 

Figure  11. Good s o l d e r  cup connection. 
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f .  Wicking. - S l i g h t  wicking s h a l l  be accep tab le  on wi re s  
t h a t  a r e  adequately supported by clamps, l ac ing ,  o r  
p o t t i n g  compound. I n  c e r t a i n  a p p l i c a t i o n s ,  s l i g h t  
displacement o r  f l e x i n g  of w i r e s  t o  ga in  access  t o  
otherwise inaccessable  c a l i b r a t i o n  o r  mod i f i ca t ion  
p o i n t s  may be unavoidable. Wires i n  t h i s  category 
s h a l l  not be wicked. 

NOTE 

Flexing of wire, however s l i g h t ,  i s  no t  recommended. 
Design precaut ions should be taken t o  minimize, and 
where poss ib l e ,  e l imina te  t h e  n e c e s s i t y  of d i s p l a c -  
ing o r  f l ex ing  wire.  

g. I n s u l a t i o n  damage. - I n s u l a t i o n  s h a l l  not  show 
evidence of damage by excessive h e a t  from the 
so lde r ing  operat ion.  S l i g h t  d i s c o l o r a t i o n  a s  a 
r e s u l t  of thermal s t r i p p i n g  i s  permissible .  

2. T u r r e t  and b i fu rca t ed  t e rmina l s .  

a. 

b. 

C .  

d. 

e. 

S i ze .  - Terminals s h a l l  be of s u f f i c i e n t  s i z e  t o  
accommodate the conductors. Terminals o r  s l o t s  
s h a l l  not be modified t o  accept o v e r s i z e  conductors.  
Conductor s i z e  s h a l l  not be reduced t o  accommodate 
undersize terminals .  

S p l i c e .  - Unless otherwise s p e c i f i e d ,  s p l i c i n g  of con- 
duc to r s  i s  prohibi ted.  

Mounting. - Terminal mounting ho le s  s h a l l  be punched 
o r  d r i l l e d  t o  a diameter t h a t  w i l l  provide a snug f i t  
between terminal  shank and mounting hole .  A 360-  
degree contact  between t h e  mounting shoulder of the 
terminal and t h e  board s h a l l  be maintained. The 
t e rmina l  board s h a l l  be f r e e  of cracks,  c u t s ,  s c r a c t h e s ,  
delamination, o r  o t h e r  damage. 

Bus bar .  - All t e rmina l s  mounted on bus b a r s  s h a l l  
be soldered t o  t h e  ba r  a f t e r  swaging. 

Swaging of terminals .  - A r o l l e d  swage s h a l l  be used 
when t h e  swage i s  terminated d i r e c t l y  t o  t h e  t e rmina l  
board o r  non-c i r cu i t  s i d e  of a p r i n t e d  c i r c u i t  board. 
a 'V" o r  funnel swage s h a l l  be used when t h e  swage i s  
terminated in  con tac t  w i th  a p r i n t e d  c i r c u i t  p a t t e r n .  
Af t e r  swaging, t h e  r o l l  o r  f l a r e  s h a l l  no t  be s p l i t .  
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f .  Solder j o i n t .  - A minimum amount of s o l d e r  s h a l l  cover 
t h e  top  of t h e  conductor,  and a s l i g h t  f i l l e t  s h a l l  be 
formed between t h e  lower h a l f  of t h e  conductor and the 
terminal .  The contour of t h e  conductor s h a l l  be  v i s i -  
b l e  a f t e r  so lder ing .  The end of t h e  a t t ached  conductor 
s h a l l  not  extend beyond t h e  t e rmina l  base  dimensions, 
and exposed copper on t h e  conductor ends s h a l l  be 
covered wi th  s o l d e r  ( see  f i g u r e  12). 

g. Flux. - A f t e r  so lder ing ,  any excess f l u x  shall be 
removed from t h e  t e rmina l s  and boards w i t h  t h e  so lvent  
s p e c i f i e d  here in .  

3 .  Connections. 

a. T u r r e t  terminal .  - A half-wrap (180 degrees) s h a l l  be  
used t o  a t t a c h  wires  t o  base of te rmina l ;  however, 
design cons ide ra t ion  may r e q u i r e  t h e  wi re  t o  be sol- 
dered t o  t h e  top shoulder o r  t h e  posit ive guide slot.  
The s i d e  routes  s h a l l  be used on a l l  solid post turret 
type t e rmina l s  ( see  f i g u r e  12) .  

NOTE 

The wrap may be increased t o  270 degrees on w i r e s  
AWG 28 and smaller .  

NOTE 

I n s u l a t i o n  c l ea rance  s h a l l  be re ferenced  from t h e  
base. 

b.  B i fu rca t ed  terminal .  

( 1 )  Bottom route .  - Wires, AWG 26  and l a r g e r ,  
s h a l l  t e rmina te  wi th  a 90-degree bend and 
s h a l l  be so lde red  t o  t h e  terminal  shoulder. 
Wires, AWG 2 8  and smal le r ,  may be bent t o  
l i e  along the  f ace  and one s i d e  of t h e  
v e r t i c a l  post .  (See f i g u r e  13.) 

NOTE 

The i n s u l a t i o n  c l ea rance  s h a l l  b e  measured 
from t h e  point of e n t r y  of t he  wire i n t o  
t h e  terminal .  
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---e2 TOP SHOULDER 

Figure  12.  S o l i d  t u r r e t  t e rmina l .  

Side route .  - The w i r e  s h a l l  e n t e r  t h e  mounting 
s l o t  a t  a r i g h t  angle  and be terminated wi th  a 
90-degree bend. The d i r e c t i o n  of t h e  90-degree 
bend on each a d d i t i o n a l  w i re  s h a l l  a l t e r n a t e  
( see  f i g u r e  1 4 ) .  The f i r s t  w i r e  s h a l l  be so lde red  
t o  t h e  base and t h e  v e r t i c a l  pos t .  Addit ional  
wires s h a l l  be soldered a s  c l o s e  a s  p o s s i b l e  t o  
t h e  preceding wire  maintaining a c l ea rance  between 
t h e  stranded wire equal t o  t h e  th i ckness  of t h e  
two i n s u l a t i o n s .  A l l  conductors o r  w i re s  s h a l l  
be confined w i t h i n  t h e  lower 80 percent  of t h e  
terminal  a s  shown i n  f i g u r e  1 2 .  The top  20 
percent of t h e  t e rmina l  s h a l l  not  be used. On 
wire  AWG 28 and sma l l e r ,  t h e  wrap may be i n -  
creased t o  180 degrees .  

NOTE 

I n s a l a t i o n  c l ea rance  s h a l l  be referenced 
from t h e  ba.se. The i n s u l a t i o n  on t h e  f i r s t  
wire  and a l l  a d d i t i o n a l  wires  s h a l l  be a 
uniform d i s t ance  from t h e  terminal  pos t s .  
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FOR WIRES AWG 28 
AND SMALLER 

I 
I 

FOR WIRES AWG 26 
AND LARGER 

I 

ALTERNATEMETHOD 
FOR WIRES AWG 26 

AND LARGER 

Figure 1 3 .  Sketch showing bottom routing of 
conductor into bifurcated terminal. 
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Figure  14. Al te rna te  ccnnec t ions .  

( 3 )  Top  r o d t e .  - The wire should be s t r i p p e d  
and  t i n n s d  p r i o r  t o  connect ing and should 
be  a c c o x ~ n a n i e d  by a s t randed ,  t i nned  
tiller" %\Tire whi le  so lde r ing  t o  he lp  

h ~ l d  c'he wire  i n  p o s i t i o n  (see f i g u r e  
l i a ) .  ( S e e  f i g u r e  15b f o r  f i n i s h e d  
p r o d u c t . )  A l a r g e  conductor which f i l l s  
E h e  gap w i l l  r e q u i r e  o n l y  s o l d e r  f i l l e t s  
for r ~t e ~ t  i o n .  

II - 

NOTE 

The i n s u l a t i o n  c l ea rance  s h a l l  be 
measured from t h e  poin t  of e n t r y  of the 
wire into t h e  t e rmina l  

( L c )  Spare terrinal4. - A l l  spare  through- 
h o l c  rer.-Fnals shall b e  c losed  (bridged) 
x i t h  snldr: .%Then p o t t i n g  o f  the c h a s s i s  
is require:. 
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WIRE 

a 
b 

Figure 15. Top rou te .  

4 .  Hook o r  pe r fo ra t ed  t e rmina l s  f o r  r e l a y s  and connectors.  

a .  S i ze .  

(1) Terminals. - Terminals s h a l l  be of s u f f i -  
c i e n t  s i z e  t o  accommodate t h e  a t t ached  
conductors.  Modifying o r  en la rg ing  t h e  
terminal  o r  s l o t  t o  accept ove r - s i ze  con- 
duc to r s  s h a l l  not be permit ted.  

(2) Wire. - The diameter of the wi re  ehclll not 
be  reduced. 

b. S p l i c e .  - Unless otherwise e p e c i f i e d ,  sp l ic ing  
of conductors i a  p roh ib i t ed .  

C .  Solder  j o i n t .  - A minimum amount of s o l d e r  s h a l l  
cover t h e  wire ,  and t h e  s o l d e r  s h a l l  form a 
s l i g h t  f i l l e t  between t h e  t e rmina l  and each 
s i d e  of t h e  w i r e ,  The contour of t h e  wire s h a l l  
be v i s i b l e  a f t e r  s o l d e r i n g  ( s e e  f i g u r e  16). 

d.  Wires. - Wires s h a l l  be a t t a c h e d  t o  hook o r  
pe r fo ra t ed  t e r m i n a l s  by forming t h e  t i nned  wire 
t o  a t  l e a s t  a 90-degree angle  be fo re  so lde r ing .  
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SINGLE WIRE 
DOUBLE WIRE 

F i g u r e  16.  S o l d 2 r  j o i i i t s  on h o ~ k  terminals. 
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5. P r in t ed  c i r c u i t s .  

a. P r in t ed  conductor p l a t i n g  and coa t ing .  - The p l a t i n g  
o r  coa t ing  on p r in t ed  conductors s h a l l  not  be d e t r i -  
mental t o  t h e  homogeneous s t r u c t u r e  of s o l d e r  and 
s h a l l  a i d ,  r a t h e r  t han  h inder ,  t h e  i n t e r m e t a l l i c  
a c t i o n  of copper and so lder .  T in- lead  coa t ing  is 
pre fe r r ed  on c i r c u i t s  t h a t  must be soldered.  

(1) P l a t i n g  (gold) .  - Pr in t ed  connector c o n t a c t s  
( f i n g e r s ) ,  p r i n t e d  switch con tac t s ,  and o t h e r  
wiping su r faces  t h a t  r e q u i r e  a r e l a r i v e l y  hard 
p l a t i n g  s h a l l  be gold p l a t ed  i n  accordance wi th  
Standard MSFC-STD-154. I f  gold p l a t i n g  i s  used on 
c i r c u i t  pads, o r  o t h e r  a reas  t h a t  r e q u i r e  so ldered  
connect ions,  i t  s h a l l  be removed unless  t h e  
s o l d e r a b i l i t y  of t h e  gold p l a t i n g  i s  determined 
a s  ou t l ined  below. Completed s o l d e r  j o i n t s  
s h a l l  exh ib i t  t h e  c h a r a c t e r i s t i c s  def ined  i n  
(a) and (b) ( i ) .  

(a) S o l d e r a b i l i t y  (p eel- p u l l )  t e s t  f o r  gold 
p l a t e d  c i r c u i t r y  . 

( i )  A tes t  p r in t ed  c i r c u i t  board, con- 
forming t o  t h e  genera l  conf igu ra t ion  
of f i g u r e  1 7 ,  s h a l l  be processed and 
p l a t ed  with each l o t  of product ion 
boards. The t e s t  board s h a l l  be 
f a b r i c a t e d  from a po r t ion  of t h e  same 
m a t e r i a l  used f o r  t h e  product ion 
boards.  

( i i )  Twenty pieces  of t i nned  copper bus 
wire ,  o r  equiva len t  , approximately 
0.020 inch i n  diameter and 8 inches 
long s h a l l  be so ldered  t o  t h e  c i r c u i t  
p a t t e r n  a s  shown i n  f i g u r e  18. The 
so lde r  should cover approxiurately 1/4 
inch  of t n e  wire  and c i r c u i t .  

( i i i )  Mount t h e  board on an accu ra t e  pul l -  
s t r e s s  machine t h a t  i s  c a l i b r a t e d  
from zero t o  10 pounds. The board 
s h a l l  be mounted t o  permit a near  
v e r t i c a l  p u l l  on t h e  wire.  
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(iv) Operate t h e  p u l l - s t r e s s  machine a t  
a speed of 0.5-inch-per-minute. The 
minimum p u l l  r equ i r ed  t o  s e p a r a t e  t h e  
w i r e s  from t h e  c i r c u i t  s h a l l  not be 
less t h a n 4  pounds. Each w i r e  shal l  
leave a groove i n  t h e  s o l d e r  and the 
bulk of t h e  so lde r  j o i n t  s h a l l  remain 
a t t a c h e d  t o  t h e  c i r c u i t r y .  (See 
f i g u r e  19.) 

(b) C h a r a c t e r i s t i c s  and appearance of s o l d e r  
j o i n t  on gold p l a t e d  c i r c u i t .  

(i) The s o l d e r  j o i n t  s h a l l  exh ib i t :  

a. A b r i g h t  m e t a l l i c  l u s t e r .  

b. A c l o s e  f ine -g ra ined  t e x t u r e .  

c. A low d i h e d r a l  a n g l e  of wet t ing  
(see f i g u r e  20). 

(ii) Evidence of any of t h e  following 
d e f e c t s  i n  t h e  s o l d e r  j o i n t  sha l l  be 
cause f o r  r e j e c t i o n :  

a. Dewetted areas t h a t  exceed 10 
percent  of j o i n t .  

b .  P o r o s i t y  

c. Surface stress p a t t e r n s  i n  t h e  
s o l d e r  matr ix .  

(2) Coating ( t i n - l e a d ) .  - Tin-lead coa t ing  i s  t h e  
p re fe r r ed  s u r f a c i n g  material  on c i r c u i t  pads 
and o the r  areas t h a t  r e q u i r e  soldered connec- 
t i o n s .  When t h i s  coa t ing  i s  used, t h e  conduc- 
t i v e  p a t t e r n  s h a l l  be coated with composition 
SN63 so lde r  conforming t o  S p e c i f i c a t i o n  QQ-S- 
571. Use t h e  hot-dip procedure descr ibed 
below t o  apply t h e  c o a t i n g ;  e l ec t ro -depos i t ed  
t i n - l e a d  p l a t i n g  s h a l l  not be acceptable .  
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NOTE: ALL DIMENSIONS 
ARE IN INCHES 
I 

-3- 

Figure 17 .  Design t e s t  p r i n t e d  c i r c u i t  board. 

7- n n - 

3 

,f ’ PRINTED CIRCUIT BOARD 

NOTE: ALL DIMENSIONS ARE IN INCHES 

PATTER) 

Figure 18. Solder ing t i nned  copper w i r e  t o  c i r c u i t r y .  
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1 ACCEPTABLE 
UNACCEPTABLE 

Figure 19. Solder connection peel-pull test. 

HIGH ANGLE 

TOTAL NON-WETTING PARTIAL WETTING 

LOW ANGLE 

TOTAL WETTING 

Figure 20. Dihedral angle of wetting. 
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(a) Procedure f o r  applying t i n - l e a d  coat ing.  

Mask p r i n t e d  connector c o n t a c t s  
( f i n g e r s ) ,  p r i n t e d  switch c o n t a c t s ,  
and o t h e r  wiping s u r f a c e s  tha t  are  
hard gold p l a t e d  t o  prevent c o n t a c t  
w i t h  the s o l d e r  bath.  

T o  ensure t h a t  a l l  i n k  and Kodak Photo 
R e s i s t ,  o r  approved s u b s t i t u t e ,  has 
been removed hand scrub o r  brush machine 
wash the p r i n t e d  c i r c u i t  board. 

Immerse t h e  board i n  a s o l u t i o n  of APC 
Bright  Dip No. 1 (manufactured by 
Amchem Products,  I n c . ,  Ambler, 
Pennsylvania),  o r  equ iva len t ,  and 
mi ld ly  a g i t a t e  f o r  10 t o  15 seconds. 

Rinse t h e  board wi th  a spray of warm 
demineralized water f o r  30 t o  45 
seconds, and dry wi th  o i l -  and moisture-  
f r e e  compressed a i r .  

Immerse t h e  board i n  a 16-percent hydro- 
c h l o r i c  a c i d  and demineralized w a t e r  
s o l u t i o n  f o r  30 t o  45 seconds ( t h e  
s o l u t i o n  should be made by d i l u t i n g  
31-percent hydrochlor ic  ac id ,  t e c h n i c a l  
grade,  w i th  demineralized water). 

Rinse t h e  bo;.-d thoroughly w i t h  warm 
demineralized water f o r  one minute 
and dry wi th  o i l -  and moi s tu re - f r ee  
compressed a i r .  

When d ry ,  immediately p l ace  t h e  p r i n t e d  
c i r c u i t  board i n  a "hand s l inge r "  and 
d i p  i n  f l u x .  Then, d i p  t h e  board i n  
a hot  s o l d e r  ba th  ( s u r f a c e  f r e e  of d ross  
and o i l )  a t  456 degrees F t o  500 degrees  
F f o r  3 t o  5 seconds. 
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NOTE 

An automatic c e n t r i f u g e  type  "s l inger"  wLth c o n t r o l -  
l a b l e  s p i n  speed and board immersion t i m e  may be 
used i n  l i e u  of t h e  "hand s l inge r "  method. The 
c e n t r i f u g e  method w i l l  provide b e t t e r  c o n t r o l  over  
coa t ing  

( v i i i )  

thickness  and w i l l  produce a smoother f i n i s h .  

S h i f t  t h e  p r i n t e d  c i r c u i t  board, while  
immersed, t o  the o t h e r  s i d e  of ba th  and 
remove i t  from t h e  ba th  through a t h i n  
f i lm of peanut o i l .  Immediately s l i n g  t h e  
assembly i n  t h e  "hand s l inge r "  t o  remove 
excess s o l d e r .  The f i n a l  t i n - l e a d  coa t ing  
thickness  s h a l l  be 0.0015 ( p l u s  o r  minus 
0.0005) inch. 

NOTE 

The s o l d e r  bath s u r f a c e  where t h e  p r i n t e d  c i r c u i t  
boards a r e  immersed s h a l l  be cleaned p r i o r  t o  each 
coa t ing  operat ion.  Exercise  c a r e  t o  prevent t h e  
peanut o i l  from migrat ing over t h e  t o t a l  s u r f a c e  
area of t h e  s o l d e r  ba th  because s o l d e r  w i l l  not 
properly adhere t o  t h e  p r i n t e d  c i r c u i t  conductors 
i f  t h e  board i s  immersed through a f i lm  of peanut 
o i l .  

( i x )  Wash t h e  p r i n t e d  c i r c u i t  board i n  t h e  so lven t  
s p e c i f i e d  h e r e i n  t o  remove r e s i d u a l  f l u x  and 
pe anu t o i 1 . 

(x) Place and s e a l  t h e  c i r c u i t  boards i n  bags 
f o r  p r o t e c t i o n  during handling o r  s to rage .  

b. Presolder ing and pos t so lde r ing  requirements. - An 
i n s p e c t i o n  of t h e  p r i n t e d  c i r c u i t  board s h a l l  be made 
before  mounting t h e  components t o  be soldered and 
a f t e r  t h e  solder ing ope ra t ion  has  been completed. 
The presence of any of t h e  following d e f e c t s  s h a l l  
be cause f o r  r e j e c t i o n  of t h e  board: 

(1) P i t s ,  s c ra t ches ,  o r  unde rcu t t ing  t h a t  reduce 
t h e  conductor cross- s e c t i o n a l  a r ea  more than  
20 percent.  

(2) Separat ion of t h e  conductor p a t t e r n  from t h e  
base laminate. 
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(3) 

(4) 

(5) 

(6) 

B l i s t e r s  i n  t h e  conductor b a t t e r n .  

De-lamination of t h e  base  mat'erial. 

Wrinkles i n  t h e  conductor pa t t e rn .  

D i r t ,  g rease ,  o r  o t h e r  fo re ign  ma t t e r  on t h e  
p r i n t e d  c i r c u i t  board. 

Clinched leads  t h a t  r e s u l t  i n  a r educ t ion  of t h e  
r equ i r ed  spacing between conductors.  

(7) 

(8) Scratched,  abraided,  o r  scraped epoxy f i n i s h  
t h a t  w i l l  diminish t h e  e l e c t r i c a l  r e s i s t a n c e .  

c .  Solder ing and assembly requirements.  

Cleaning. - Regardless of v i s u a l  appearance, a l l  
component leads and t e rmina l s  s h a l l  be  cleaned 
immediately p r i o r  t o  so lder ing .  

- Use. - After  component leads  have been cleaned 
they s h a l l  be mounted and soldered t o  t h e  c i r -  
c u i t  be fo re  any apprec iab le  r eox ida t ion  occurs ,  

Lead bending. - To prevent damage, component 
leads  s h a l l  be bent wi th  a round smooth-finished 
t o o l  (see f i g u r e  3 ) .  The rad ius  of t h e  bend 
s h a l l  be equal t o  o r  g r e a t e r  than twice the  lead  
diameter.  The minimum d i s t a n c e  from component 
end s e a l  t o  t h e  s t a r t  o f  t he  bend s h a l l  be 1/16 
inch (see f i g u r e  2 1 ) .  On components t h a t  have 
a welded lead ,  such as  tantalum c a p a c i t o r s ,  t h e  
s t a r t  of t h e  bend s h a l l  be 1/16 inch o r  more 
from t h e  weld ( see  f i g u r e  22) .  

1N. MINIMUM 

d 

F igure  2 1 .  Minimum lead bend. F igure  22 .  Welded lead with proper bend. 
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d. Component mounting. - Components s h a l l  be 
preferably p a r a l l e l  t o  and i n  con tac t  w i th  t h e  
p r i n t e d  c i r c u i t  board. I r r e g u l a r  shaped com- 
ponents, such a s  diodes,  s h a l l  be p a r a l l e d  t o  
t h e  board, and be pot ted,  embedded, o r  supported 
by a s u i t a b l e  r e t a i n i n g  c lamp (see f i g u r e s  10 
and 23a, b y  and c) .  Component l eads  and o t h e r  
.conductors terminated d i r e c t l y  a t  t h e  c i r c u i t  
pad s h a l l  extend through t h e  board a minimum of 
1/16 inch, o r  a maximum of 1/8 inch,  and s h a l l  
be clinched p a r a l l e l  t o  and i n  con tac t  w i th  t h e  
c i r c u i t .  The bend o r  c l i n c h  s h a l l  be i n  t h e  
d i r e c t i o n  of t h e  c i r c u i t  p a t t e r n  ( s e e  f i g u r e  
23d). 
drawing, components s h a l l  be mounted on t h e  s i d e  
of t h e  p r in t ed  c i r c u i t  board which i s  oppos i t e  
t h e  p r in t ed  c i r c u i t .  

* 

Unless otherwise shown on t h e  design 

a 

Figure  23. Examples of component mounting. 
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e. 

f .  

h. 

i. 

S p e c i a l  mounting. - Component l eads  t h a t  cannot be 
bent o r  c l inched  f l u s h  w i t h  t h e  c i r c u i t  s h a l l  be 
properly cleaned and c u t  t o  a l eng th  t h a t  will per- 
m i t  t h e  l ead  t o  extend 1/32 inch  above t h e  s o l d e r  
pad. Components s h a l l  be r i g i d l y  secu re  t o  t h e  
board by means of a s u i t a b l e  mounting clamp o r  
epoxy r e s i n .  To minimize t h i s  t y p e  of connection, 
components designed f o r  p r i n t e d  c i r c u i t  a p p l i c a t i o n  
s h a l l  be used when ob ta inab le .  

6 

Solder  coverage. - A s o l d e r  j o i n t  s h a l l  have a 
shiny b r i g h t  appearance, no po ros i ty ,  good f i l l e t  
between conductors,  good adherence t o  both p a r t s ,  
and no f l u x  o r  excess s o l d e r .  The contour  of  t h e  
w i r e  s h a l l  be v i s i b l e  a f t e r  s o l d e r i n g  a s  shown i n  
f i g u r e  10. 

Boards wi th  c i r c u i t  p a t t e r n  on each s i d e .  - Component 
leads t h a t  interconnect  two-sided c i r c u i t r y  s h a l l  
be so lde red  on both s i d e s .  Components t h a t  are  mounted 
over exposed c i r c u i t r y  s h a l l  be i n s u l a t e d  as s p e c i f i e d  
by t h e  MSFC design a c t i v i t y .  

Addit ional  requirements.  

(1) Eyelets  and t u b l e t s  s h a l l  not  be  used on 
p r i n t e d  c i r c u i t  boards. 

(2) Plated-through ho le s  s h a l l  not  be used unaided 
a s  an e l e c t r i c a l  connection. I n  p l a t e d -  
through holes  where a component lead i s  not  
normally i n s t a l l e d ,  i n s e r t  , bend over ,  and 
s o l d e r  a bus-wire o r  p i ece  of component lead.  

(3) Component p a r t s  t h a t  weigh 1/4 ounce o r  more 
s h a l l  be secured by a s u i t a b l e  mounting b racke t ,  
po t t ed ,  o r  imbedded w i t h  an approved epoxy r e s i n .  

( 4 )  Pads from which components may be f r e q u e n t l y  
removed s h a l l  be r e i n f o r c e d  wi th  t e rmina l s .  

Mounting and s o l d e r h g  t e rmina l s .  - When mounting 
and so lde r ing  t e rmina l s  t o  p r i n t e d  c i r c u i t  boards,  
t h e  procedure o u t l i n e d  below s h a l l  be followed: 
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(1) D r i l l  the  pad ho le  t o  a diameter t h a t  w i l l  per- 
m i t  t he  terminal  shank t o  be pressed through 
t h e  board by hand. A press f i t  i s  not  necessary,  
bu t  t h e  t e rmina l  should no t  f a l l  ou t  when t h e  
board i s  inve r t ed .  

(2) Clean t h e  t e rmina l  pad wi th  a w h i t e  p e n c i l  
s t y l e  typewri ter  e r a s e r  o r  a device of equal  
ma te r i a l .  Apply very l i g h t  p re s su re  and c l e a n  
only the pad. 

(3) P r e s s  the t e rmina l  shank through t h e  board 
and a l i g n  t h e  t e rmina l  a s  shown i n  f i g u r e  24. 

r S O L D E R  RlNG -1 /TERMINAL PAD 

A. SOLDER RING IF 

8. TERMINAL READ I SWAG IN 6. 
Y 

USED. 

' FOR 

Figure  24. Terminal be fo re  swaging. 

( 4 )  Make a V-type (funnel) swage on t h e  t e rmina l .  
The point of t h e  V-swage should e n t e r  t h e  
terminal  shank only f a r  enough t o  produce 
a hand-t ight  f i t  of t h e  t e rmina l  (see f i g u r e  
25). I f  s o l d e r  r i n g s  a r e  used, p l ace  t h e  
r i n g  over t h e  terminal  shank be fo re  swaging. 
So lde r  r ings  a r e  recommended s i n c e  they  g i v e  
a more uniform and r e l i a b l e  s o l d e r  j o i n t .  

NOTE 

On p r in t ed  c i r c u i t  boards where t h e  swaged end 
of t h e  terminal  t e rmina te s  i n  a conductor,  a 
V-type swage s h a l l  b e  used. A r o l l - t y p e  swage 
s h a l l  be used elsewhere. 
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TERMINAL PAD 

38 

A.Y,-TYPE (FUNNEL) SWAGE. 
8.  POINT TO APPLY SOLDER IF 

SOLDER RING IS NOT USED. 

Figure  25. Terminal a f t e r  swaging. 

(5) Place t h e  so lde r ing  i r o n  t i p  over t h e  
t e rmina l  head a s  shown i n  f i g u r e  26, and 
apply so lder  ( i f  a s o l d e r  r i n g  i s  not  used) 
t o  t h e  j o i n t  where t h e  t e rmina l  shank and 
pad i n t e r s e c t .  Allow t h e  s o l d e r  t o  flow, 
and then remove t h e  s o l d e r i n g  i r o n  t i p  
from the  terminal  head. The s o l d e r  should 
form a neat  uniform j o i n t .  

Figure 26. Solder ing swaged te rmina ls .  
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An a l t e r n a t e  method may be used;  p lace  a 
con ica l  so lde r ing  t i p  i n  t h e  b a r r e l  of t h e  
terminal  a s  shown i n  f i g u r e  26b. 

NOTE 

The V-type swaging t o o l  po in t  w i l l  vary  
from 18 degrees t o  30 degrees a s  shown i n  
f i g u r e  27. 

p 1 1 8 O  TO 30° 

Figure  27.  Swaging t o o l .  

( 6 )  Carefu l ly  c l ean  t h e  s o l d e r  j o i n t  w i th  an 
approved so lvent  and a medium s t i f f  n a t u r a l  
or s y n t h e t i c  b r i s t l e  brush. 

(7) Inspect  a l l  j o i n t s .  I f  any j o i n t  should 
r equ i r e  r e so lde r ing ,  add a small amount 
of new s o l d e r .  

j .  Coating. - A f t e r  wi r ing ,  f u n c t i o n a l  checkout,  
and acceptance by in spec t ion ,  t h e  board s h a l l  
r ece ive  a c l ean ,  t r anspa ren t  i n s u l a t i v e  pro tec-  
t i v e  coat ing on both s i d e s  i n  accordance wi th  
Procedure MSFC-PROC-257. 
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I Custodian: 

Nat ional  Aeronautics and 
Space Adminis t ra t ion 

k. Pro tec t ion .  - The p r i n t e d  c i r c u i t  board s h a l l  be 
placed i n  a p l a s t i c  bag between assembly ope ra t ions  
and f o r  s to rage .  The p l a s t i c  bag s h a l l  be made of 
a m a t e r i a l  t h a t  does not e m i t  gases  o r  chemicals 
t h a t  could be  de t r imen ta l  t o  t h e  s o l d e r a b i l i t y  of 
p l a t e d  c i r c u i t r y .  

Preparing a c t i v i t y :  

George C. Marshall  Space 
F l i g h t  Center 

40 

L 



MSFC-PROC- 158B 
February 15, 1963 

APPENDIX 

I. Q u a l i f i c a t i o n  and C e r t i f i c a t i o n .  

A. Q u a l i f i c a t i o n .  

1. Q u a l i f i c a t i o n  of personnel. - A l l  personnel engaged i n  f a b r i c a -  
t i o n ,  assembly, and in spec t ion  of e l e c t r i c a l - e l e c t r o n i c  equipment manufactured 
under c o n t r a c t s  containing t h i s  procedure s h a l l  be  c e r t i f i e d  by a Category I o r  
I1 r e p r e s e n t a t i v e  p r i o r  t o  performing work on engineering models, prototype 
models, o r  product ion items. 

Def in i t i on :  For t h e  purpose of t h i s  procedure "an authorized MSFC rep resen ta -  
t ive"  s h a l l  mean a designated employee of t h e  Government who has success fu l ly  
completed t h e  i n s t r u c t o r s  course (80 hours) a t  an approved MSFC school f o r  
s o l d e r i n g  of r e l i a b l e  e l e c t r i c a l  connections and who holds a cur ren t  category 
I c e r t i f i c a t i o n  card.  

2. Demonstration of prof ic iency.  - To achieve c e r t i f i e d  s t a tus ,  
t h e  s o l d e r  ope ra to r  s h a l l  demonstrate h i s  s k i l l  o r  p ro f i c i ency  according 
t o  t h e  requirements s e t  f o r t h  herein.  

a. Tes t  specimens s h a l l  be f a b r i c a t e d  i n  accordance wi th  test  
s p e c i f i c a t i o n  information found i n  t h e  Appl ica t ion  f o r  
Examination of Solder  Operators.  A l l  t e s t  specimens s h a l l  
be f a b r i c a t e d  i n  t h e  presence of a category I o r  I1 
rep resen t  a t  ive.  

b. Af t e r  t h e  t r a i n e e  has demonstrated h i s  a b i l i t y  t o  t h e  s a t i s -  
f a c t i o n  of a category I of I1 r e p r e s e n t a t i v e ,  a c e r t i f i c a t e  
w i l l  be issued.  

3. C e r t i f i c a t i o n  c a t e g o r i e s .  - The c e r t i f i c a t e  issued t o  t r a i n e e s  
w i l l  show t h e  t r a i n e e  t o  be c e r t i f i e d  in  one o r  more of t h e  following c a t e g o r i e s .  

a. Category I. - Instructor/Examiner.  - These a r e  c e r t i f i e d  
Government i n s t r u c t o r s  who have been designated and authorized 
by MSFC t o  c e r t i f y  ca tegor ies  111, I V ,  and V. Candidates f o r  
t h i s  category must s a t i s f a c t o r i l y  complete t h e  80-hour i n s t r u c -  
t o r s  course a t  an MSFC school.  R e c e r t i f i c a t i o n  r e q u i r e s  s a t i s -  
f a c t o r y  completion of a 40-hour r e c e r t i f i c a t i o n  course a t  a 
MSFC school o r  attendance a t  an MSFC sponsored s o l d e r i n g  seminar 

b. Category 11. - Ins t ruc to r .  - These a r e  c e r t i f i e d  i n s t r u c t o r s  
and examiners employed by e i t h e r  s u p p l i e r  o r  government. Certi-  
f i c a t i o n  and r e c e r t i f i c a t i o n  requirements a r e  t h e  same as f o r  
Category I. 

41 



* .  f 
\ .  

I * c 

MSFC-PROC-158B 
February 15, 1963 

c .  Category 111. - Operator / Inspector .  - This  category c o n s i s t s  
of s u p p l i e r  personnel who have completed t h e  40 hour cour se  
a t  an MSFC approved s u p p l i e r  school .  They s h a l l  be r equ i r ed  
t o  i n t e r p r e t  MSFC s p e c i f i c a t i o n s  and s h a l l  have demonstrated 
t h e  manual s k i l l s  r equ i r ed  by t h e s e  s p e c i f i c a t i o n s .  Recerti-  
f i c a t i o n  r e q u i r e s  e i t h e r  completion of a r e c e r t i f i c a t i o n  cour se  
a t  an MSFC approved school,  o r  demonstration t o  t h e  s a t i s f a c t i o n  
of t h e  c e r t i f i e r  t h a t  t h e  cand ida te  i s  s t i l l  q u a l i f i e d  f o r  
c e r t i f i c a t i o n .  

d. Category I V .  - Inspec to r  (Government). - T h i s  category i s  
r e s t r i c t e d  t o  government i n s p e c t i o n  personnel.  C e r t i f i c a t i o n  
and r e c e r t i f i c a t i o n  requirements a r e  t h e  same as Category I. 

e Category V. - Limited Operator.  - I n d i v i d u a l s  c e r t i f i e d  t o  
t h i s  category are r e s t r i c t e d  t o  s p e c i f i e d  ope ra t ions ,  i . e . ,  
so lde r ing  e l e c t r i c a l  connectors.  It is intended f o r ,  but no t  
l imi t ed  t o ,  s u p p l i e r  personnel who normally perform only 
one type of ope ra t ion .  To a t t a i n  c e r t i f i c a t i o n  o r  r e c e r t i f i -  
c a t i o n ,  a candidate  must demonstrate t o  s a t i s f a c t i o n  of t h e  
c e r t i f i e r  t h a t  he i s  q u a l i f i e d  t o  perform t h e  s p e c i f i e d  
ope ra t  ion.  

B. C e r t i f i c a t i o n .  - I f  t h e  t r a i n i n g  r e p o r t  i s  s a t i s f a c t o r y ,  t h e  q u a l i t y  
assurance o rgan iza t ion  of t h e  cognizant MSFC c e n t e r  w i l l  i s s u e  a c e r t i f i c a t e  
t o  t h e  ope ra to r  ( s e e  f i g u r e s  28 and 2 9 ) .  
approved school,  a company c e r t i f i c a t e  may be i s sued  by t h e  s u p p l i e r  t o  i t s  
f a b r i c a t i o n  and in spec t ion  personnel and t o  t h e  personnel of sub-contractors  
and vendors. The signed c e r t i f i c a t e ,  e i t h e r  MSFC o r  company, w i l l  be considered 
evidence t h a t  t he  app l i can t  has  s a t i s f a c t o r i l y  f u l f i l l e d  a l l  requirements h e r e i n ,  
The c e r t i f i c a t e  s h a l l  be v a l i d  only i n  t h e  p l an t  of t h e  s u p p l i e r  i n  whose name 
t h e  c e r t i f i c a t e  was i s sued  and s h a l l  become void twelve months from t h e  d a t e  
of t h e  las t  en t ry  thereon o r  a t  any t ime t h e  h o l d e r ' s  work i s  found t o  be un- 
s a t i s f a c t o r y .  

When a s u p p l i e r  i s  ope ra t ing  an MSFC 

C .  Maintenance of c e r t i f i e d  s t a t u s .  - An ope ra to r  may r e t a i n  h i s  c e r t i f i e d  
s t a t u s  by success fu l ly  completing re-examination t e s t s  every twelve months o r  
by a cont inuing record of s a t i s f a c t o r y  workmanship. 
s e n t a t i v e  may r e q u i r e  re-examination t e s t i n g  of any ope ra to r  whenever he has  
reason t o  quest ion t h e  prof ic iency of t h e  ope ra to r  o r  t h e  q u a l i t y  of workman- 
sh ip .  

' of o p e r a t o r s ,  the s u p p l i e r  s h a l l  maintain and make a v a i l a b l e  complete inspec-  
~ t ion records.  

The au tho r i zed  MSFC repre- 

To a i d  the authorized MSFC r e p r e s e n t a t i v e  i n  determining t h e  p ro f i c i ency  
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MARSHAU, SPACE FUGliT CENTER 

I SCHOOL FOR REUABLE ELU;TRICAL C O " E f 3 " S  
This is to certify that I 
has successfully c o m p  1 e t  e d requirements in 
NASA Electrical Assembly Specifications and 
IS qualified in the category noted at  the right. I 

I m 

Figure  28. Soldering C e r t i f i c a t i o n ,  f r o n t  s i d e .  

Mlf 

Tlum CertJLcate 15 Issued a s  Government property 
and LI valid only at the fac i l i ty  mcntiomed above. 

T I S  certtl icile wi l l  be surrcndercdto thc  %*spec- 
tor of the cogni~ntGovcrnmentServrcc by holder 
of card .  when. 

A. 
B. 

C. Refused renerd of Certdicatcs.  
D 
E. When Certdicrlion IS revoked. 

L e r v m s  employment of above faci lrty.  
Transferred to pos~t ion where Certrficate I S  

not required 

No longer performing government work. 

To be recrrtifsedcvcry- months and .Lined 
by Government Representative. 

Figure 29 .  Solder ing C e r t i f i c a t i o n ,  r e v e r s e  s i d e .  
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D. Training and c e r t i f i c a t i o n  of s u p p l i e r  personnel.  

1. Demonstration of a b i l i t y .  - The s u p p l i e r  s h a l l  e s t a b l i s h  a school  
t h a t  fol lows guide l ines  e s t ab l i shed  by MSFC. The s u p p l i e r  s h a l l  then  demon- 
s t r a t e  t o  t h e  s a t i s f a c t i o n  of t h e  MSFC designated r e p r e s e n t a t i v e  t h a t :  

a. An e f f i c i e n t  t r a i n i n g  program is being conducted. 

b. A c l o s e  and cont inuing c o n t r o l  over  t h e  school w i l l  be 
maintained. T 

c.  Only q u a l i f i e d  s tuden t s  w i l l  be c e r t i f i e d .  

The du ra t ion  of t h i s  eva lua t ion  s h a l l  be determined by t h e  designated MSFC 
r ep resen ta t ive .  

2. Supplier  c e r t i f i c a t i o n  of personnel.  - When t h e  s u p p l i e r  has com- 
p l i e d  with t h e  condi t ions of paragraph D . 1 . ,  he w i l l  be au thor ized  by t h e  des ig-  
nated MSFC rep resen ta t ive  t o  i s s u e  c e r t i f i c a t i o n  ( see  paragraph B.). This  
au tho r i za t ion  may be revoked when: 

a .  The supp l i e r  f a i l s  t o  meet MSFC s tandards  of t r a i n i n g .  

b. The con t r ac t  i s  completed o r  terminated.  
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